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Objective This research has been carried out to evaluate the levels of 25-hydroxy vitamin D3 ([25(0H)D3]) as well as the correlation between
the deficiency levels with the risk of experiencing type 2 diabetic mellitus (T2DM) in sample of Iragi population.

Materials and Methods The levels regarding the [25(0OH)D3] and the fasting blood sugar (FBG) have been estimated in group of 58 T2DM
patients and 31 control subjects of age between 25 and 65 years. The [25(0H)D3] has been estimated via ELISA and FBG was measured
spectrophotometrically.

Results The levels of [25(0H)D3] have been considerably lower in individuals experiencing T2DM (9.465 + 3.567 ng/ml) than in the control
group (14.146 £ 11.045 ng/ml), (p = 0.02), whereas FBG levels were considerably higher in patients experiencing T2DM (218 + 66 mg/dl)
widespread in comparison to control group (89.8 + 9 mg/dl), (p = 0.009). The levels related to the [25(0OH)D3] are inversely related to FBG in
both diabetic and control group (p=0.01,”=0.1), (p < 0.01, = 0.2), respectively. Vitamin D3 deficiency (VDD) is considered to be related
to the hazard of experiencing T2DM; also it is highly prevalent in subjects of Iragi nationality.

Conclusion VDD is associated to the risk of experiencing T2DM. Hypovitaminosis D is very prevalent among the study participants and
its percent was higher in female and have a therapeutic implications as cautious supplementation of vitamin D could enhance glycemic

control in T2DM.
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Introduction

Type 2 diabetes is related to considerable morbidity and mor-
tality all over the world. Interactions between factors of genet-
ics and environment, which include diet, have an important
impact on the development of this condition.”* Over the last
decade, accumulating evidence has indicated that the concen-
tration of 25-hydroxy vitamin D3 ([25(OH)D3]) in the blood
is inversely proportional with diabetes mellitus, hypertension
and some other diseases.* Most of the required cholecalcif-
erol or vitamin D3 is derived from the biosynthetic pathway
under the skin from 7dehydrocholesterol through exposure to
sunlight.®

Most experts recommend an optimal concentration
greater than 30 ng/ml in serum and vitamin D3 deficiency is
less than 30 ng/ml. Vitamin D3 deficiency is even more prev-
alent among patients with type 2 diabetes mellitus (T2DM),
endothelial dysfunction predicts cardiovascular events and
represents an essential event for vascular abnormalities
observed in T2DM patients.® Vitamin D3 [25(OH) D3] has
numerous biological actions, like calcium homeostasis and
metabolism, stimulation of the innate immune response,
maintaining of blood glucose level, and insulin secretion stim-
ulation in order to therapeutically use it in diabetics.” There
is a relation between diabetes mellitus and vitamin D3 defi-
ciency (VDD) as well as a relation with cancer, dyslipidemia,
endothelial dysfunction, and hypertension.® It was observed
that the estimation of 25(OH)D, insufficiency and deficiency
is experienced by 1 billion people and its impact on abnormal
metabolism of glucose as well as in diabetes type 2 was exhib-
ited.’ Inadequate concentrations related to the circulating
25(OH)D, are related to metabolic syndrome, insulin resis-
tance (IR), glucose intolerance, and increased diabetes risk'
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due to the fact that there are many indications related to the
VDD may possibly have contributing impact on developing
type 2 diabetes. Initially, the pancreatic beta cells has enzyme
of 1 a-hydroxylase and vitamin D receptor (VDR) and the
other indication implies that treating with vitamin D improves
IR and glucose tolerance." Also, it has been shown that vita-
min D moderates the glycolytic pathway, stimulates the gen-
eral activation regarding the protein synthesis in pancreatic
B-cells, improves Ca** influx to B-cells in addition to promot-
ing converting pro-insulin to insulin.’? The VDD is consid-
ered to be related to decreased release of insulin, IR, and type
2 diabetes, with regard to epidemiological and experimental
researches, for example, many studies of animals showed that
1a,25-dihydroxy vitamin D3 (1,25(0OH),D,) promote pancre-
atic B-cell in secreting insulin. The association between IR and
VDD might begin from inflammation, as VDD is related to
increased inflammation markers. Moreover, genetic polymor-
phisms of genes that are related to vitamin D could impact
impaired glycemic control and diabetes of type 2.

A direct advantageous influence related to vitamin D on
insulin action was approved by an insulin receptors increment
after 24 h of treatment through the use of 1,25(0H),D, in
U-937 cells of human promonocytic.! In addition, gathering
evidence from experimental researches have suggested that
activation of VDR could increase the secretion of insulin and
improve insulin sensitivity, so VDD was linked to diabetes
mellitus onset and progression.’* Many observational studies
confirmed an association of the deficiency of 25(OH) D3 with
diabetes of type 2 and disturbed glucose metabolism. On the
other hand, was considerably unsuccessful in showing good
[25(OH)D3] impacts on metabolism of glucose and therefore,
it is still not clear whether or not 25(OH) D3 is relevant for
the pathogenesis of diabetes of type 2, so this study will clarify
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the existence of an association between T2DM and VDD as
well as estimating the levels of 25(OH) D3 among the study
participants.

Materials and Methods

Eighty-nine Iraqi individuals (58 T2DM cases and 31 con-
trols) of age ranged between 25 and 65 years (male and female)
have taken part in this case control study. Patients that have
type 2 diabetes mellitus disease have been appointed from
Al-Hussein Teaching Hospital, Al-Hussein Medical City/
Kerbala Health Directorates between April 2018 and March
2019 and diagnosed according to Criteria of American
Diabetes Association (2014) defining diabetes as (FBG =126
mg/dL). Healthy subjects that didn’t match the standards
which are used to select T2DM were assigned as control. The
levels related to FBG and 25(OH)D, have been estimated for
all the participants in this research. The levels of [25(OH)
D3] have been estimated via enzyme-linked immunosorbent
assay (ELISA), FBG was measured spectrophotometrically.
Demographic information, medical history and past fam-
ily were recorded to every participating subject. Those with
comorbidities have been excluded from the study, which has
been permitted via the Clinical Research Ethics Committee of
the College of Medicine, University of Kerbala. The data were
presented either by mean + standard deviation (Mean + SD) or
ratio or percent. The ¢-test of the student has been utilized for
comparing the difference between the groups of patients and
controls from numerical variables. Analysis of regression has
been carried out for analyzing the correlation between levels
of FBG and 25(OH) D3. A chi-squared test has been carried
out for comparing the number of individuals that have insuffi-
ciency and VDD in control and patients groups. In all statisti-
cal analysis, the significance value was <0.05.

Results

Levels of FBG have been higher in patients group having
T2DM in comparison to control group, levels of FBG are (218
+ 66 mg/dl) and (89.8 = 9 mg/dl) in the group of patients and
group of controls, respectively (p <0.01). In patients’ group
that have T2DM, the levels of 25(0OH) D3 have been lower
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Table 1. Biochemical and clinical characteristics related to the
research subjects.

Controls T2DM subjects P-value
Mean * SD Mean = SD
Parameters N=31 N=58
No. (M/F) 31 (15/16) 58 (28/30) 09
Age, year 426+19 46.13+£13 0.1
FBG (mg/dl) 895+ 1.8 229.7+£98 <001
1,25(CH)D3 (ng/ml) 1414 £1.1 9.46 + 0.46 0.02"

compared to the levels in the group of controls, the levels of
25(OH) D3 were 9.465 + 3.567 ng/ml and 14.146 + 11.045 ng/
ml in the group of patients and the group of controls, respec-
tively (p=0.02) as seen in (Table 1).

General observation to Table 2A showed that patient had
greater percent of VDD in comparison with control group
(100% vs 87%), respectively. While the remaining of control
group 9,68% had insufficiency of vitamin D (VDI) and only
3.23% had optimum level of vitamin D (VO). With regard to
the patient group, 0% of VI and VO is recorded.

Generally, 95.5%, of all population whose serum 25(OH)
D3 was measured experienced VDD, 3.4% experienced VI
and 1.1% experienced VO level. Also, it has been shown that
female had larger percent of VDD (51.7%, 48.4%) than male
(48.3 %, 38.7%) in both patient and control group respectively.

Because most study subjects experienced VDD, they have
been subclassified into mild, moderate, and severe, and it is
found that patient group had a greater percent of severe and
moderate VDD (13.8%, 44.8%), respectively in comparison
with the control group which had only 3.7%, 25.9% in an
order. For mild VDD, patients also had large percent (41.38%),
but it is not the greater one because the control group had it
70% as seen in Table 2B.

After performing the analysis in the whole population of
the study, patients with T2DM and controls, 25(OH)D3 levels
were discovered to have inverse association with FBG levels
in the patients’ group that had type 2 diabetes (p = 0.01, r =
0.1, analysis of linear regression) (Fig. 1) and in control group
(p <0.01, »=0.22) (Fig. 2).

Table 2. Comparison of serum vitamin D status among the research subjects.

Case Control Total
Vitamin D Male Female Total Male Female Total
Status Frequency Frequency  Frequency  Frequency Frequency  Frequency
N=89 (%) (%) (%) (%) (%) (%) Frequency %
Vitamin D 28 30 58 12 15 27 85 95.5
Deficiency (VDD) (48.3) (51.7) (100) (387) (48.4) (87.1)
Vitamin D = = = 2 1 3 3 34
insufficiency 6.45) (3.225) (9.675)
(V1S)
Vitamin D = = = 1 = 1 1 1.1
Optimum, (VO) (3.225) (3.225)
Total 58 31 89 P=0.019

*Serum vitamin D status based on US Endocrine Society classification (22).
Insufficiency 21-29 ng/ml, Deficiency < 20 ng/ml, Sufficiency =30 ng/ml.
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Table 2B. Subdlassification and comparison of VDD amongst study participants.

Case Control Total
Vitamin D Deficient, (VDD)
N=285 Frequency (%) Frequency (%) Frequency (%)
Mild 24 (41.38) 19 (70.38) 43 50.6
Moderate 26 (44.82) 7 (25.92) 33 38.8
Sever 8 (13.8) 1 (3.7) 9 10.6
Total 58 27 85 100

*A deficiency in vitamin was sub classified to mild VDD (10-20 ng/ml), moderate

VDD (5-10 ng/ml), severe (<5 ng/ml) (23).

Discussion

Several studies associated between the deficiency of 25-(OH)
D3 and various clinical conditions of Iraqi patients have been
studied including hyperthyroidism, unstable angina, coronary
artery diseases, and T2DM.*!>!* The main goal of the pre-
sented research has been investigating the relation between
T2DM and VDD. In this research, lower 1,25(0H),D3 levels
have been noticed in patient that have T2DM compared to
a control group and an inverse correlation has been noticed
between levels of FBG and 1,25(0OH),D3 in T2DM group,
which implies that the 1,25(OH),D3 levels have an impact
on glucose control in T2DM. In addition to that, an inverse
correlation has been discovered between FBG and vitamin D
levels in the entire study population, patients who have T2DM
and controls when they have been examined together. It has
appeared that vitamin D could be related with glucose control
in T2DM. Moreover, from a statistically significant perspec-
tive, more subjects experiencing T2DM had vitamin D insuf-
ficiency and deficiency in comparison to control population.
Vitamin D, which is secosteroid synthesized in skin via
the action of UV sun irradiation, is associated with bone

metabolism. Extra skeletal impacts related to vitamin D are
presently a topic of interest for researchers.”” The association
of immune system and vitamin D is under an intense discus-
sion. It has been proved that vitamin D stimulates the immune
tolerance, VDD is related with certain autoimmune diseases,
like multiple sclerosis, rheumatoid arthritis, and TIDM.'$2
The correlation between T2DM and vitamin D and metabolic
syndrome is recently under a debate. Vitamin D has exhib-
ited a relation with glucose metabolism and the progression of
T2DM and the metabolic syndrome.?*?

In a cross-sectional study to sample of population from
eastern Finland, an inverse correlation has been noticed
between levels of [25(OH)D3] and FBG, fasting insulin, and
2 h glucose tolerance tests,* which have implied that low level
of serum [25(OH)D3] could have an association with reduced
metabolism of glucose. In one of the recent studies, an inverse
correlation of IR with the levels of [25(OH)D3] has been
noticed that has been mainly found at levels of [25(OH)D3]
in the range of 16— 36 ng/ml.* In one of the nested case-con-
trol studies that have been carried out amongst 608 females
with recently identified diabetes type 2, higher concentration
of plasma [25(OH)D3] was related to a lower risk of diabetes
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Fig. 1 Inverse correlation between FBG (mg/dl) and 25(0H)D3 (ng/ml) in subjects experiencing T2DM,

(p=10.01, *=0.1, analysis of linear regression). 25(0H)D3; FBG.
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type 2 in females.” In a potential observational research with
an average follow up of 2.7 years, higher plasma [25(OH)D3]
has been related to lower risks of occurrence of diabetes in
high-risk subjects.”” In a potential research in high-risk Asian
individuals, deficiency of [25(OH)D3] has been related with
higher risks of developing diabetes mellitus of type 2. In a
longitudinal research of IR determinants and metabolic syn-
drome, a considerable inverse correlation of baseline [25(OH)
D3] with fasting glucose at follow-up has been recorded. In a
massive group research of older individuals that involved 7791
individuals, that were at first diabetes-free, levels of serum
[25(OH)D3] have been inversely related to incident diabetes
in females but not in males.?

Earlier researches indicated that low vitamin D ingestion
might be associated to higher hazard of developing the meta-
bolic syndrome and T2DM.***

In one of the earlier studies, VDD has been discovered to
be associated with higher hazard for the metabolic syndrome
and insulin resistance.’ In a research that involved postmeno-
pausal females, the levels of fasting glucose were observed to
be negatively related to serum [25(OH)D3].%

One of the new studies indicated that vitamin D levels
could have inverse association to the levels of glycosylated
hemoglobin in gestational diabetes mellitus.*®* Moreover, it was
proposed that sufficient vitamin D intake could be related with
lower risks of developing gestational diabetes mellitus.*

In this research, lower levels of 1,25(0H),D3 were recorded
in individuals who had T2DM compared to controls, which can
be attributed the consideration that the receptors of vitamin
D were discovered in pancreatic beta cells, which, in addition
were discovered for expressing the enzyme 1-a-hydroxylase.*®
Vitamin D facilitates insulin secretion from pancreatic f3-cells,
which is why it appears to control the insulin secretion.*
Therefore, VDD could be related with reduced insulin secretion
in T2DM in addition to that, as vitamin D promotes insulin
receptor expression,” VDD could be associated with IR.*

According to those results it would be physiologically
suitable recommending supplementation of vitamin D for the
sake of improving glucose control in patients with T2DM.* In
accordance with that, vitamin D was administered to T2DM
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patients.”” Nevertheless, those researches didn't show steady
results. In some of the researches supplementations of vitamin
D were discovered to enhance glucose regulation in T2DM,*
while in others no such effect was observed.* In a random-
ized controlled trial, administrating 2000 international units
(IU) cholecalciferol each day for a period of 16 weeks has been
discovered to enhance the function of beta cells in adults at
high diabetes risks.*> Moreover, vitamin D was administered
to diabetics of type 2 with nephropathy and has been discov-
ered to ameliorate albuminuria.” At a molecular level, vitamin
D seems to have an impact on reducing oxidative stress.*

This research has a number of obstacles. Due to the fact
that it's an observational research, it means that conclusion
cannot be made whenever any cause and effect association is
concerned between T2DM and VDD. Moreover, 1,25(0OH),D3
has been selected as a marker for VDD, as presently suggested.
Nevertheless, vitamin D circulates in the blood in different
forms and the active form of this vitamin is 1,25(OH),D3.
Therefore, a larger number of researches are required utilizing
finer tools for determining the VDD in humans and particu-
larly, in diabetes patients. A larger number of researches are as
well required with supplementation of vitamin D and glucose
control long-term observation in T2DM.

After discussing those results, the hidden correlation
between VDD and a variety of diseases is still to be discov-
ered.* Vitamin D could be associated with autoimmunity in
addition to metabolic diseases.*® Moreover, recent research
was set forward, it is concerned with discussing the correlation
between vitamin D and adipose tissue. It seems that vitamin D
could influence adipogenesis,**® thereby it modulates energy
consumption in adipose tissue. Those innovative discoveries
could give an explanation to the reason why vitamin D admin-
istration to diabetes mellitus patients and the metabolic syn-
drome patients seems to have contradictory effects.

The results that have been presented in this study are of
therapeutic implications. In T2DM patients, normal vitamin
D levels in the blood could facilitate regulation of glucose.
Moreover, in individuals that tend to develop T2DM, the opti-
mum vitamin D levels in the blood could delay the clinical
development of T2DM.
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Conclusions

VD

D is associated to the risk of experiencing T2DM.

Hypovitaminosis D is very prevalent among the study partic-
ipants and its percent was higher in female and patients than
this in male and controls, respectively. Those results could

have therapeutic implications as cautious supplementation of

vitamin D could enhance glycemic control in T2DM.
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